Toe skin temperature as a guide to epidural anaesthesia dosing Shigehito It has been suggested that when using continuous epidural anaesthesia, an additional dose of local anaesthetic should be given when the upper segmental level of analgesia has regressed two segments to maintain an effective level of surgical analgesia. 1 However, in anaesthetized patients, there is no means of estimating the timing of additional doses. Most of the anaesthetists inject additional doses according to their clinical experiences. Frequent injections may cause local anaesthetic toxicity. On the other hand, inadequate redosing may cause increase of blood pressure or heart rate because of pain. Only one report has been described using intermittent electrical stimulation to monitor the regression of epidural analgesia. 2 However, as this requires that the patient be awake, recession of analgesic level cannot be confuaned during general anaesthesia.
Measuring skin temperature of the finger or toe has been reported as an indirect non-invasive method of evaluating sympathetic activity, 3 and an increase in foot skin temperature is recognized after spinal and epidural anaesthesia. 4-7 Previously, we reported that the time of an additional dose of epidural anaesthetic could be estimated in 58% of patients undergoing upper abdominal surgery by monitoring toe skin temperature, s We suggested that vigorous intra-abdominal manipulation by the surgeon was one reason for failure. In this report, the usefulness of toe skin temperature in assessing the need for epidural redosing was studied in patients undergoing mastectomy.
Methods
This study included 50 patients undergoing mastectomy (ASA I-II). Patients treated with vasoactive drugs were excluded. The purpose of the study was explained and informed consent was obtained from each patient after CAN J ANAESTH 1994 / 41:3 / pp 232-5 approval by the institutional human investigation committee. Patients received premedication with diazepam 10 mg po, 90 min before the start of anaesthesia. Big toe skin temperature was measured continuously with CoreTemp@ Model CTM-204 (Terumo-Japan Co.) The surface probe of the apparatus, weight 7.0 g, diameter 8.5 mm, was comprised of an electrical heating element and two thermistors separated by an insulator. The probes were attached to the centre of the digital pad of both big toes, and the feet were covered with cotton bandage.
An epidural catheter was placed at or near the T5 intervertebral space. Nine ml lidocaine 1.5% with 1:200,000 epinephrine were injected after a test dose of 3 ml. Increase of the big toe skin temperature and analgesic levels were confirmed 15 min after the epidural injection. The big toe, which showed the larger increase of temperature was selected as the monitoring site. Anaesthesia was induced with thiopentone 5 mg. kg -~ and the trachea was intubated after vecuronium 0.2 mg. kg -~. Anaesthesia was maintained with nitrous oxide (67%), oxygen and a small dose of isoflurane (0.2-0.4% inspired). The concentrations of isoflurane were kept constant throughout the procedure (Datex. Oxicap@, Finland).
When the big toe skin temperature decreased by 0.3~ over five minutes, 8 ml lidocaine were injected. If the skin temperature increased, the monitor was judged to have been useful. If systolic arterial blood pressure (ABP) increased by >20% without a decrease in skin temperature or if its skin temperature decreased and then failed to increase following redosing, the monitor was considered not to have been useful. As a preparatory experiment, we studied the efficacy of toe skin temperature monitoring for epidural anaesthesia in awake patients undergoing lower abdominal surgery. The toe temperature was not useful because we had to redose according to the patient's complaint of pain and an elevation of ABP before the decrease of temperature. Therefore in the present study, we hypothesized that elevation of ABP which occurred before temperature decrease was due to inadequate surgical anaesthesia.
The effect of general anaesthesia alone on toe skin temperature was evaluated in ten patients.
Ambient temperature in operating rooms were maintained at between 23and 25~ Data are presented as mean + SD and comparisons of each skin temperature and interval time were performed by ANOVA. A P value of <0.05 was considered to be significant.
Results
Patients were all female and their age, height, and body weight were 49.5 4-10.4 yr, 153.2 + 5.3 cm, and 51.7 -t-4.9 kg, respectively. Skin temperature changes in the big toes with or without epidural anaesthesia are shown in Table I . Fifteen minutes after the epidural injection, the upper anaesthetic level for pin prick was Tl + 3.2 and the lower level was T 9 + 2.5. Ten minutes after the induction of general anaesthesia, the toe skin temperature reached a stable level, 35.9 + 1.0~ In the control group of ten patients without epidural anaesthesia, the toe skin temperature increased 34.9 4-1.5oC within ten minutes after general anaesthesia. The toe skin temperatures with epidural anaesthesia were higher than during general anaesthesia alone (P < 0.05). Ephedrine 5 mg /v was used in five patients after the induction of general anaesthesia, no other intravenous drugs, such as analgesics and/or vasodilators were used.
In 39 patients (78%), the monitor was useful in judging the time for its fast additional dose (Table II) . In 11 patients, an additional dose was injected because ABP increased by >20%. In these failed cases, the toe temperature did not decrease before elevation of ABE The number of patients in whom the temperature monitor was judged to be useful decreased to 35 and 7 for the second and third injections. A typical case is shown in Figure 1 .
Discussion
It has been reported that sensory and motor nerve functions return before sympathetic nerve activity. 4.9 Therefore when using epidural anaesthesia, monitoring of sympathetic nerve activity is not considered to be useful in determining the time for additional dosing. In the present study, we judged the time of an additional dose in 78% of patients undergoing mastectomy by using the change of toe skin temperature. FIGURE I One example of course of blood pressure (BP), heart rate (HR) and toe skin temperature. When temperature decreased from 34.80C to M.5~ first additional dose (Ist) was injected. Second additional dose (2nd) was also injected according to the decrease of toe skin temperature without any significant change of BP and HR.
Vasoactivity of the lower exhemities is controlled by sympathetic outflow from Tn to ~ spinal cord. *~ As the caudal border of the analgesia level at 15 rain after epidural injection was T9 + 2.5, sympathetic nerve block might have exceeded this boundary. As the anaesthetic effect, during regression, begins to disappear in places distal from the injected site, we assume that toe skin temperature decreased before the decay of surgical analgesia (Figure 2) . Induction of general anaesthesia 15 rain after epidurai injection produced more increase in toe skin temperature (Table I) . However, in the present study, toe temperature ten minutes al~er induction of general anaesthesia was higher with epidural anaesthesia than without epidural anaesthesia. We think that this is one of the reasons why we can observe the decrease of toe temperature by the recession of epidural anaesthesia during general anaesthesia. In a previous study, the hand (thumb) skin temperature was not found to be useful.S In mastectomy, the thumb temperature cannot be used as a monitor for this study, since the regional analgesia must extend at least from T~ to T~0.
We injected 12 ml (including 3 ml test dose) lidocaine 1.5% with 1:200,000 epinephrine as an initial dose. We used lidocaine with epinephrine to preclude intravascular injection but perhaps plain lidocaine would have been preferred to confirm multiple injections. Fifteen minutes after the injection, toe skin temperature increased from that toe temperature increased approximately 20 rain after the establishment of thoracic sensory analgesia. Although we could have waited for a longer time to confirm maximum elevation of temperature, we judged the sympathetic nerves to lower extremity were anaesthetized with the initial 12 rul lidocaine. For redosing, we injected a volume of 8 ml lidocaine in all cases. As we observed an increase of toe temperature in 39 patients after the first redosing, we believe that this dose was sufficient to provide adequate anaesthesia.
Hopf et al. 5 described that toe temperature increased even after high thoracic epidural anaesthesia. He did not describe whether the decrease in toe temperature was correlated with regression of thoracic analgesia. One would expect that there would be a delay in the decrease in sensory analgesia with thoracic epidural analgesia. However, we found earlier decrease of toe temperature than elevation of ABP, probably in response to surgical pain.
Several causes of failure might be considered, including unequal spread of local anaesthesia, insufl3cient depth of general anaesthesia, intratracheal intuhation and improper protection of the foot from ambient temperature.
In conclusion, when epidural puncture was performed near the T5 level, the big toe temperature was a useful monitor to judge the time for redosing in patients undergoing mastectomy.
